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On the evolutionary scale it is especially important to establish and understand
the linkage between the speciation history and hydrological processes that
shaped the LVR fish faunal system. It is essential that we determine whether
The effect ofthe species introductions and movements has been the displacement
of the native tilapiine and loss of one endemic haplochromine species, and
the marginalization of other native forms in population sizes (Mwanja, 1996).
These ecological changes are certain to have been followed by reduction in
genetic diversity, and ecological and evolutionary viability through genetic
drift and due to little or no genetic exchange between isolated remnant units.
In examining the viability of key species in Nabugabo lakes the following
questions have to be asked:
1. What is the extent of population structuring of native fishery species
relative to the non-indigenous fonus?
2. What is relationship between population size, spread/distribution and
genetic diversity of tilapiines?
3. Does segregation into separate subunits playa major role in maintaining
genetic variability in native species, and/or what is the role of satellite
lakes in maintaining genetic diversity?
4. How evolutionarily viable are key ecological species 'in Nabugabo
lakes?
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The change in structure from a continuous single population into disjunct
units, with little or no gene flow among units, or as completely isolated units
in independent water bodies puts the native species at a situation of accelerated
intrapopulation differentiation among subunits and at loss ofgenetic variability
within units through increased genetic drift and inbreeding. There are two
typical resultant structures, the shrunk and disjunct, and' the shrunk and
isolated. Its expected that the intrapopulation differentiation and loss ofgenetic
variability within units would be more extreme in the latter given that there is
no chance of genetic interaction among populations in this case. In case where
closely related species coexist we expect hybridization between such species.
The result of this will be genetic exchange that may signal elevated genetic
variability in populations that would have otherwise been predicted to be low
in variability. Typically such units would be genetically distant from the 'pure'
forms ofthat species. Among the introduced non-indigenous species we expect
to see a reflection of the genetic variation from their introduction histories as
well as a representation of the genetic structure of their putative origins into the
Nabugabo lakes.
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Results
As part of the overall LVR project we carried out fishing survey that revealed
taxa ecologically similar and/or taxonomically close to many species known to
be extinct from the main lakes, as still extant in several of the satellite lakes in the
LVR. Examples of the extant species/genera obtained in surveys of the satellite
lakes are shown in Table 1. Relative numbers offish species found extant in the
various water bodies in LVR are shown as well as the introduced tilapiine species
and the Nile perch are shown in Table 2. Some of the satellite lakes, such as the
Nabugabo lakes contained only a small number of species. Others, such as the
satellite lakes around Lake Kyoga had a wide variety of taxa, which included
both known species, as well as several undescribed species that were equivalent
to species or genera reminiscent of the main lakes before the establishment
of the Nile perch (Greenwood, 1981; Kaufman and Wandera, unpublished).
A few groups, such as Astatoreochromis allaudi, Pseudocrenilabrus victoriae,
and species of the genera Astatotilapia and Paralabidochromis, were widely
distributed both in the main lakes and in the satellite lakes. Most of the
piscivorous cichlids, such as species of Harpogochromis, Psammochromis and
Prognathochromis, were restricted to only a few satellite lakes, though some of
the species in these groups were indeed wide spread among the satellite lakes.
Among the native tilapiine cichlids ofthe LVR, we found significant populations
of the two native forms, Oreochromis esculentus and Oreochromis variabilis,
in several of the satellite lakes. The former has been displaced completely out
of the main lakes. •
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b e t w e e n t h e t o t a l l y i s o l a t e d s a t e l l i t e l a k e s . G e n e t i c d i v e r s i t y t h o u g h h a s n o t
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s u c h a s O r e o c h r o m i s l e u c o s t i c t u s w e r e l e s s d i f f e r e n t i a t e d t h a n s t r i c t l a c u s t r i n e
s p e c i e s l i k e O r e o c h r o m i s e s c u l e n t u s .
6 6
,
~l,
~.,
I :
~
~
!I~
,
~
~i',
F
1 . : .
~~.
i~~'
I ' ! i ,
1 .
1
1
" .
I "
1
I ,
I
I~
I
' .
.
~
Table 2. Estimates of the number of cichlid fishes contained in Nabugabo lakes as compared to
other LVR satellite lakes based on our field survey data from 1990 to1997.
Haplocromines Tilapiines Nile perch
Lake Victoria Basin
Main lake Native Introduced
Lake Victoria >200 1 4 Dominant
Nabugabo lakes
Lake Nabugabo <5 0 4 Dominant
Lake Manywa <5 1 0 Absent
Lake Kayanja <5 1 2 Absent
Kooki lakes
Lake Kachera >20 1 4 Absent
Lake Kijanebalola >20 1 4 ' Absent
Lake Mburo >20 1 4 Absent
Lake Kyoga Basin
Main lake
Lake Kyoga <50 0 4 Dominant
Satellite lakes
Lake Nawampasa >60 2 3 Absent
Lake Lemwa >50 2 2 Absent
Lake Bisina >30 2 4 Rare
Lake Nyaguo >50 2 2 Absent
Lake Nakuwa <5 0 4 Dominant
Lake Nyasala <30 1 4 Dominant
Lake Edward-George
System
Lake Edward 3 2 Absent
Lake George 3 1 Absent
Satellite lakes
Lake Saka 0 1 Absent
Lake Kabaleka 3 1 Absent
toria and Kyoga but still
ite lakes
nt (Kyoga lakes)
:nt (Nabugabo,
7a and Kooki lakes), ,
:nt (Kyoga lakes)
mt (Nabugabo,
~a and Kooki lakes)
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(Nabugabo lakes)
ent
ent
one extant species
)ga lakes)
lent
'absent' .
5 of the LVR revealed
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:n the main lakes and
ies assemblage (Wu,
rms, were found to be
t within lakes and least
rersity though has not
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). Among the tilapiine
tic interaction between
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rilapiine swamp forms
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The Nabugabo Ramsar Site
• The table also shows the occurrence of the Nile perch, Lales niloticus, in the LVR lakes
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LVR, the "Ngege" , Oreochromis esculentus, from the main lakes and its current
relegation to the minor satellite lakes which tend to be less eutrophic, and less
dominated by cyanobacterial phytoplankton.
Introduction of Nile perch and non-indigenous tilapiine fishes into the LVR
left little room for refuge by 'the native species, especially in the big lakes.
However, in only a few of the, minor lakes, such as Lake Nabugabo in the Lake
Victoria basin and Lake Nyasala in the Lake Kyoga basin, has the Nile perch
been able to become established, take over and exert its 'extinction machinery'
on the endemic fauna. In some of the minor lakes, such as Lake Bisina in the
Lake Kyoga Basin, the Nile perch flourished early following introduction, but
Ofno doubt is the role these minor lakes, such as Nabugabo lakes, are currently
playing as refugia for endemic species ravaged by the dramatic human impact
on the LVR since the tum of the 20th century. The satellite lakes present the
only manageable natural refuge that can guarantee the continued existence of
the most vulnerable fonns or species. Molecular analysis results show that the
resident populations of satellite lakes are highly differentiated among lakes.
Thus, it would be highly advisable to maintain and manage various satellite
lakes as independent evolutionary units. Movement of individuals between
satellite lakes should only be done after a careful analysis of the genetic
and ecological implications of such actions. Such conservative management
practices will ensure the integrity of the isolated populations and give them a
chance to continue to evolve without anthropogenic pressures.
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Our recent discovery in satellite lakes in the LVR of cichlid fauna equivalent
to portions of the extinct species of the large Lakes Kyoga and Victoria, has
led us into speculation of a broader, and rather different role for satellite lakes
than Greenwood, 1974 had envisioned. Minor satellite lakes act not only as
nursery beds of prototypes for the big lakes, but also as critical refugia for
diverse ecological types and genetic lineages. Satellite lakes may generate
species through allopatric isolation and local selection regimes at the same pace,
but on a smaller scale, as the large lakes. Meanwhile, their sheltered habitats
offer protection to species equivalent to those in the greater lakes systems
from the anthropogenic changes that the big lakes have been experiencing.
The evolutionary findings so far point to the fact small lakes have often been
part of the ontogenetic speciation cycles of big lakes (Kaufman, 1997). Given
such a fact Nabugabo lakes and other similar lakes in the region evolutionarily
important zones for the continued existence and conservation of the LVR fish
speCIes.
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A l t h o u g h a c o n s i d (
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t h e a f f e c t e d s p e c i e
N a b u g a b o t h a t h a Y
s p e c i e s i n t h e l a k e
i s n o l o n g e r s e e n ,
s t u d i e s , 1 9 7 4 .
O n o n e h a n d i s t h e
g e o g r a p h i c b a r r i e r s
u n i t s , w h i l e o n t h e e
a m o n g p o p u l a t i o n u
7 0
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On one hand is the opening up of systems that have been closed naturally by
geographic barriers allows accelerated gene flow among independent population
units, while on the other hand we erect physical barriers to the natural gene flow
among population units which have historically been mixing. In the first scenario
Although a consideration ofthe list offactors affecting genetic variation suggests
that we should first focus directly on inbreeding and population size, it makes
more sense to first consider how human pressures and management decisions
lead to population subdivision and reduction of size. For such factors indirectly
result in changes in the genetic composition of populations by encouraging
inbreeding and small population sizes. Most notable for lakes has been use of
alien species for boosting the lakes' fisheries, and pollution. These in most cases
have led to small, disjunct and/or isolated units and/or ultimately total loss of
the affected species. An example includes the haplochromine species of Lake
Nabugabo that have vanished since the introduction of Nile perch and tilapiine
species in the lake (Kaufman and Wandera, unpublished data). This species
is no longer seen and has not been recorded in the lake since Greenwood's
studies, 1974.
To establish the genetic and evolutionary viability of Nabugabo lakes fishes,
there is need to understand the ecological (ecosystem) forces which shaped
these at least since the mid of the 20th Century - when direct human interference
in these lakes started to manifest. A number of interacting elements affect the
levels and preservation ofgenetic biodiversity in the species ofa fisheries system.
In the pre-20th Century, natural selection and adaptation to local environmental
conditions probably occurred over hundreds or thousands of years in relatively
far slower changing environment. As the environmental changes accelerate
into the 21 st Century, factors conspire to reduce diversity. Among the elements
which reduce genetic diversity are: (l) the factors which can cause loss of
genetic diversity within a population, including inbreeding and random genetic
drift because of restricted small population size, (2) the ecological effects of
the introduction of alien species, including direct competition or predation, and
indirect effects caused by alterations in the environment, (3) the biological and
physical factors which can hinder genetic exchange between populations of
species, potentially leading to the subdivision of large continuous populations
into small disjunct units, (4) the possibility of hybridization and introgression
in species leading likely to 'genetic swamping' of the marginalized species, and
(5) the consequences of monoculture resulting from argumentation in species
which are being used to boost the fisheries stocks and for aquaculture or fish
farming.
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A g e n e r a l f e a r i s t h a t e c o n o m i c a n d d e v e l o p m e n t a l a c t i v i t i e s w i l l o u t p a c e
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l i f e , h a v e b e e n o v e r l o o k e d f o r t h e " e c o n o m i c g o o d " . T h i s a r i t h m e t i c m a y b e
g o o d i n s h o r t t e r m b u t m a y n o t y i e l d p o s i t i v e r e t u r n s w h e n l o n g - t e r m n e g a t i v e
e f f e c t s a r e a c c o u n t e d f o r . E v e n t h e s h o r t t e r m g a i n s m a y s e e m p o s i t i v e b e c a u s e
T h e s u b d i v i s i o n o f o r i g i n a l l y m i x i n g p o p u l a t i o n s r e n d e r s t h e s e v e r a l u n i t s
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b e a t t p e c a m p a i g n t o i n c o r p o r a t e i n t o a n y d e v e l o p m e n t a l o r e x p l o i t a t i v e d e s i g n
t h o s e . f a c t o r s t h a t p r o m o t e a n d a l l o w f o r t h e p r o c e s s o f e v o l u t i o n o f t h e f i s h e r i e s
s o a s t o e n s u r e c o n t i n u e d s u r v i v a l o f t h e s e r e s o u r c e s .
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the evaluation is narrowly focused to direct economic benefits neglecting the
.demise that may be already happening to the system overall.
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When the exotic forms are closely related to and hybridise with the' native
species, such genetic interaction may lead to introgression which may result
in 'swamping out' one of the species involved. Usually the more ecologically
labile and aggressive species' attributes normally used as a basis for the
choice in introduction, swamps out the marginalized species through repeated
hybridization and backcrossing to the dominant type. Effects of introductions
are not immediate, and establishment of the alien species in most cases takes
place long after the act of introduction and the collapse of the native species.
Thus effectively monitoring introduction of alien species on local strains is
usually hard without the keen interest on part of the managers on the continued
survival of the native species. Mechanisms that would naturally guard against
genetic interaction between closely related species tend to breakdown with
increased disturbance of the environment.
Barel, C. D. N., Dorit, R., Greenwood, P. H., Fryer, G., Hughes N., Jackson, P. B. N., Kawanabe, H.,
Lowe-McConnell, R. H., Nagoshi, M., Ribbink, A. J., Trewavas, E., Witte, F., Yamaoka,
K., (1985). Destruction of fisheries in Africa's lakes. Nature 315, 920.
Batjakas, I.E., R.K. Edgar and L.S. Kaufman, (1997). Comparative feeding efficiency of indigenous
and introduced phytoplantivonis from Lake Victoria Experimental studies on Oreochromis
niloticus, Hydrobilogia,
Worldwide, introduced exotic species have menaced native forms of life,
often out-competing ecologically similar local forms for the same niches, or
acting as direct predators of the native species. The failure of past management
policies to protect genetic diversity was in part due the policy of abandoning
the local strains in rush to fix economic 'short falls' by introducing versatile
and ecologically labile non indigenous species/strains. Such policies, though
economically sound sometimes, have wrecked ecological havoc on the
systems leading to displacement of the native forms, and most times resulting
in permanent alteration of the ecosystems. In the LVR use of the Nile perch
and non indigenous tilapiines to boost the original native tilapiine and labeine
fisheries that formed the mainstay of the commercial fisheries then, did not
boost the original fishery but supplanted it and completely transformed the
ecosystem with hundreds of native species feared extinct while many mbre are
at the peril of extinction as a result (Barel et al., 1985; Kaufman, 1992).'
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